Vitamin D receptor (VDR) gene polymorphism has a certain relationship in Han people with lumbar degenerative disc disease (LDDD), however, this relationship has not been definitely analyzed so far, thus, the purpose of this study is to analyze the polymorphism of three VDR gene loci and reflect the correlation between VDR gene polymorphism and lumbar degenerative disc disease in Han people. In this study, we collected all blood samples from Chinese Han population, including 81 patients with LDDD by lumbar magnetic resonance images (MRI) identified as case group and 10l healthy people as the control group. Case group and control group were divided into four groups according to MRI assay: No degeneration, mild degeneration, moderate degeneration and severe degeneration, and then the polymorphism of VDR gene was detected by PCR-RFLP assay using Apa I, Taq I and Bsm I restriction endonuclease in samples of the all subjects. The relationship between genotype and gene frequency distribution was analyzed in each group. The results demonstrated that Taq I restriction endonuclease cutting site polymorphism on VDR gene is associated with LDDD in Chinese Han people. However, Apa I and Bsm I restriction endonuclease cutting site polymorphism on VDR gene is not associated with LDDD in Han people. These results revealed that the polymorphisms of the VDR genes were associated with disc degeneration in Han people in details and help to control and cure LDDD.
INTRODUCTION
Lumbar degenerative disc disease (LDDD) is among the most commonly involved site with severe primary spinal degenerative changes, which manifests as a series of syndromes taking lumbocrural pain as the primary symptoms, including lumbar disc bulging, intervertebral unsteadiness, and discogenic lumbocrural pain (Adams et al., 2000; An et al., 2003) . A lot of factors contributed to LDDD, such as living habits, occupations and genes. It has been demonstrated that the gene polymorphisms of IL-1, IL-6, collagen gene, TGF and vitamin D receptor *Corresponding author. E-mail: weijian518@yahoo.cn.
(VDR) are closely associated with this disease (Gruber and Hanley, 2003) , especially, VDR gene is closely related to bone and cartilage metabolism, thus the relationship between its polymorphism and LDDD gains wide attention (Videman et al., 1998) .
VDR gene located on human chromosome 12 (12ql2 to l4), with a length of 100 kb, it is composed of 11 exons, and transcribed and translated into VDR, which mediates 1,25(OH) 2 D 3 to play biological effects. VDR gene has more than 100 restriction endonuclease cutting site polymorphisms (Uitterlind et al., 2004) , which is associated with multiple kinds of diseases, including osteoporosis, osteoarthritis, diabetes mellitus, tumor, cardiovascular diseases and chronic periodontal disease.
VDR polymorphisms occurred in several restriction enzyme sites. Apa I, Bsm I, and Taq I restriction sites are the best known polymorphisms of VDR gene (Wilkinson et al., 2000) . Apa I and Bsm I restriction endonuclease cutting sites locate on intron 8 of VDR gene, Taq I restriction endonuclease cutting site locates on exon 9 of VDR gene. Although these three loci do not change the protein sequence of VDR, the 3' terminal region of mRNA transcripted VDR gene can affect the expression and stability of mRNA, changing the affinity of enhancers to target sites leading to the difference in the amount or activity of its receptor protein, finally resulting in the change of bone and cartilage metabolism.
Lumbar disc disease has high incidence in Han Chinese people; moreover, LDDD shows a familial hereditary tendency (Kawakami et al., 2005; Jullig et al., 2004; Haro et al., 2002) . However, there is little study on LDDD-related genes in Han people. Hence, in this study, we investigated VDR genotype on LDDD and report an analysis of the polymorphisms in the Apa I, Bsm I, and Taq I restriction fragment length polymorphism (RFLP) of the VDR gene to find out the possible genetic risk factors of LDDD. The course of disease ranged from two months to 11 years, with an average of 2.5 years. All patients were diagnosed by MRI technology. Patients with vertebral tumor, vertebral spondylolithesis, spinal infectious diseases were excluded from this study. Synergy spine coil was used in MRI scanning: TE was 120 ms, TR was 3500 ms and layer thickness/spacing was 4.0/0.4 mm on T2-weighted image. The lumbar disc degeneration condition of L3-S1 was judged according to the lumbar signal intensity change on T2-weighted image of MRI. The grade was evaluated according to the score of Schneiderman's four-grade classification (Figure 1 ): 3 Grade 1: Normal signal intensity; Grade 2: Intermediate decreased signal intensity; Grade 3: Severe decreased signal intensity; Grade 4: Signal avoid. In each subject, Grade 2 lumbar signal intensity or above was considered as degeneration, and the total scores of degeneration were calculated by adding the number of grades of three segments.
MATERIALS AND METHODS

Subjects
101 healthy Han volunteers without blood relationship were selected as controls, among which included 40 male patients and 61 female patients (mean age=38.4). All volunteers were developed for lumbar MRI examination and grouped according to classification, and the exclusion criterion was the same as case group.
To analyze the relationship between VDR gene polymorphism and LDDD, MRI was performed in all subjiects. Individuals were classified into three grades: Mild, moderate and heavy grade (corresponding Grade 1, 2 and 3 labor coefficient respectively) in order to exclude the effect of labor intensity, then, lumbar MRI was divided into four groups after excluding age and labor intensity effect: Non, mild, moderate and severe (corresponding 0, 1, 2 and 3 amount of segments of lumbar disc degeneration as well as score ≤5, 6 to 7, 8 to 9 and ≥10 respectively). Informed written consents were obtained from all subjects, and the study was approved by the Ethics Committee of The Second Affiliated Hospital of Sun Yat-Sen University, Guangzhou, China.
Extraction of genomic DNA
The genomic DNA from the study subjects was isolated from PBMC. We prepared PBMCs from heparinized blood, isolated by centrifugation through Ficoll-Hypaque density gradient, then washed with DPBS (Sigma, USA). The genomic DNA was isolated from PBMC using DNA extraction kit (Qiagen Company, Germany) according to the manufacturer's protocol and as described.
VDR polymorphisms
DNA was used as template in the PCR amplification of sequences containing described VDR restriction fragment length polymorphisms defined by the restriction endonucleases ApaI, BsmI, and TaqI. The primer sequences used in this study were as follows: 5'-GGC AAC CTG AAG GGA GAC GTA-3', and 5'-CTC TTT GGA CCT CAT CAC CGA C-3' for BsmI; 5'-CAG AGC ATG GAC AGG GAG CAA-3'; B: 5'-GCA ACT CCT CAT GGC TGA GGT CTC-3' for Taq and ApaI.
The cycling profile involved denaturation at 94°C for 15 s, annealing at 56°C (BsmI) and 55°C (TaqI and ASPI) for 30 s, and extension at 72°C for 30 s for 35 cycles. Final extension was continued at 72°C for 10 min. The amplification was carried out in a GeneAmp PCR system 9600 (AppliedBiosystems, Branchburg, CT, USA). PCR product sequencing was accomplished by Yingjun Gene Co., Ltd (Shanghai, China).
PCR products were digested overnight with restriction endonuclease (NEB, England) so the reaction could proceed to completion, in accordance with the manufacturer's instructions (NEB, England). Digested products were analyzed by electrophoresis in a 2% agarose gel and ethidium bromide staining.
Statistical analysis
All data analyses were performed using SPSS 13.0 software, measurement data were shown as x ±s, and were analyzed via t test; enumeration data were analyzed via  2 test. The analysis of difference in allele and gene frequency distribution between groups was developed via  2 test and Fisher's exact probability test (p<0.05). The relationships between different genotypes and the amount of segments of lumbar disc degeneration as well as the total scores of lumbar disc degeneration grade were analyzed via Kruskal-Wallis rank sum test. All tests were two tailed and p＜0.05 were considered statistically significant.
RESULTS
Distribution of VDR genotype and allele frequency
The results of genotyping of VDR gene for LDDD patients and healthy control are shown in Table 1 . First, for the ApaI and BsmI polymorphism, the LDDD patient and normal control groups had similar distribution, and there was no significant difference in allele frequency distribution between patients and controls. In Table 2 , genotype frequency analysis of ApaI site in LDDD patients showed that the largest group consisted of aa homozygotes (44 of 81 genotypes), followed by the Aa heterozygous group (28 of 81 genotypes), while aa homozygotes were 11% (9 of 81 genotypes). In contrast, while Bb homozygotes was the largest group (46 of 81 genotypes) in BsmI genotype, BB heterozygote and bb homozygote are 8.67 and 1.33%, respectively. PCR products restricted with TaqI are shown in Figure  2 . Three bands after treatment with enzyme are shown as TT homozygotes (495 bp), Tt heterozygotes (245 bp), and tt homozygotes (205 bp) according to the restriction pattern (Figure 2) . Table 2 showed the TaqI genotypes determinants for LDDD patients and normal groups. The frequencies of the TaqI genotypes were 95.13% for TT, 4.31% for Tt; TapI loci showed a significant difference in each kind of genotype and gene frequency distribution between case group and control group by Fisher exact probability test (p0.05 and p0.01 respectively).
Distribution of VDR gene locus polymorphism in MRI
Groups MRI was employed to analyze the relationship between VDR gene polymorphism and LDDD. Statistical analysis demonstrated that in any level of labor intensity of Apa I and Bsm I single nucleotide polymorphism distribution was not associated with the total amount of segments of lumbar disc degeneration or total scores of degeneration (p0.05); Tap I locus polymorphism had no considerable difference at the first and second levels of labor intensity (p0.05), but each kind of genotype distribution had significant difference at the third level of labor intensity (p=0.002 and p=0.015, respectively) ( Table  2) .
DISCUSSION
Lumbar disc degeneration and its secondary changes are one of the main causes of low-back pain, which pathologically include degradation of extracellular matrix, loss of water content in nucleus pulposus, lumbar disc flexibility and anti-pressure ability (Meulenbelt et al., 1999; Nishida et al., 2000; Le et al., 2004) . Twin study suggests that LDDD has a family genetic tendency, and the genetic factor accounts for 74% of total factors, however, the molecular basis of the genetic vulnerability underlying most LDDD in human remains is, in large, unknown. VDR is a key gene associated with LDDD. Videman et al. (1998) collected blood samples of thoracolumbar MRI of 85 pairs of male monozygotic twins, and investigated the relationship between VDR genotype and MRI; they found that low MRI signal intensity of thoracic and lumbar discs was associated with TaqI tt genotypes of the vitamin D receptor. Videman et al. (2001) further study found that the signal intensity of intervertebral disc in individuals with tt genotype was lower than those with TT genotype, and the former was more prone to developing annular laceration, and the disc bulging as well as osteophyte formation was relatively less; individuals with TT genotype were susceptible to proliferative change after intervertebral disc injury, such as disc bulging and osteophyte formation. In addition, Keen et al. (1997) found that individual with TT genotype was susceptible to osteophyte formation when occurring in knee arthropathy. Kawaguchi et al. (2002) studied the VDR Apa I and Taq I genotype as well as thoracolumbar MRI of a group of young people with ages ranging from 20 to 29, and found that individuals with Tt genotype showed a higher probability of multi-segmental intervertebral disc degeneration and bulging than those with TT genotype, suggesting young and middle-aged individuals with Tt genotype were more susceptible to intervertebral disc degeneration, and Apa I genotype had no correlation with disc degeneration. Our result showed that Apa I and Bsm I loci had no obvious correlation with LDDD, but Tap I locus of Han people was associated with LDDD, which has some certain similarity with the aforementioned studies.
LDDD is high incidence in Chinese Han workers (Sun et al., 2002) . Zhao et al. (1997) study reported the frequencies of b, a and T alleles in VDR gene in Han people were 95, 75 and 95% respectively, similar to those of Korean, but different from those of white people and Japanese. Concerning the frequencies of TT, Tt and tt genotypes on Taq I locus, the frequency of tt genotype in Han people was 0.6%, which results was consistent with our current results. These results indicated that Chinese Han people with TT genotype were more susceptible to LDDD, However, the frequency of tt genotype in Han people was 0.6%, and that in white people reached 10 to 17% (Videman et al., 2001) , which might shows different distribution with the difference of races. This study revealed that the polymorphisms of the VDR genes are associated with disc degeneration. Although several investigators reported and suggested that the VDR polymorphism may be of importance role in LDDD; it is not clear how VDR are associated with disc degeneration in details so far, which will depend on further study.
